Objective: To estimate the positive predictive value (PPV) and completeness of the monoclonal gammopathy of undetermined significance (MGUS) diagnosis coding in a hospital registry within a population-based health-care setting. Patients and methods: Through the Danish National Patient Registry (DNPR), we identified 627 patients registered with MGUS in two Danish regions during the period January 2001-February 2011. We reviewed the medical records of all patients registered with MGUS at the Department of Hematology, Aalborg University Hospital, and a sample of patients registered at the other three hematological departments in the two regions. We estimated the PPV of the MGUS diagnosis based on this sample of 327 medical records. We also estimated the completeness of the DNPR by linking data from the DNPR and data from a previously validated MGUS cohort of 791 patients identified through the laboratory system covering North Jutland Region. Results: The diagnosis of MGUS was confirmed in 231 patients and assessed as probable in an additional 38 patients, corresponding to a PPV of 82.3% (95% confidence interval [CI] 78.1%-86.4%). By contrast, 58 (17.7%) of the patients did not definitively meet the diagnostic criteria for MGUS. When we excluded patients registered with malignant monoclonal gammopathy recorded prior to or within the first year after registration of MGUS in the DNPR, the PPV increased to 88.3% (95% CI 84.5%-92.1%). The DNPR only registered a diagnosis of MGUS in 133 of the 791 MGUS patients identified through the laboratory system, corresponding to a completeness of 16.8% (95% CI 14.1%-19.6%). Conclusion: The PPV of the diagnosis coding for MGUS in the DNPR is high and can be further improved by simple data restriction. However, the low completeness raises concern that MGUS patients registered in the hospital system may be highly selected.
Introduction
Monoclonal gammopathy of undetermined significance (MGUS) is the most common immunoglobulin (Ig) disorder, with an estimated prevalence of 5% in persons above 70 years of age. 1 Patients with MGUS are at increased risk of malignant transformation to symptomatic malignant monoclonal gammopathy, most often multiple myeloma and less frequently another malignant lymphoproliferative disorder. The risk of progression to multiple myeloma or related disorders is about 1% per year. 2 Recent large population-based cohort studies indicate that MGUS patients also have an increased risk of other clinical events, eg, fractures, infections, and venous and arterial thromboembolism. [3] [4] [5] [6] [7] [8] The clinical impact of these findings is not yet determined, and it is unknown to what degree they are an innate feature of MGUS or might be affected by comorbidity. Administrative data are an important source of information in epidemiological studies, and provide a cost-efficient way of studying large cohorts, often in a regional or nationwide population-based setting. 9 In MGUS, the medical registries might also have an important role in estimating the risk of various outcomes as these patients are followed in different settings, eg, outside hematological departments, and the risk of the outcomes is in general low. Consequently, there is a need for including a large number of MGUS patients with long-term follow-up to estimate the risk. However, a prerequisite for this type of study is high-quality data on MGUS patients.
No previous studies have formally addressed the validity and completeness of the MGUS diagnosis in a hospital registry. We therefore conducted a study in two Danish regions to estimate the positive predictive value (PPV) and completeness of the MGUS diagnosis in the Danish National Patient Registry (DNPR).
Design and methods
We conducted the study in North Jutland Region and Central Jutland Region in Denmark, which have 1.8 million inhabitants (approximately 33% of the total Danish population). Every citizen in Denmark is assigned a personal identification number at birth, which allows linkage between demographic and medical registries. 10 Since 1977, the DNPR has routinely collected nationwide data on all nonpsychiatric hospitalizations, and since 1995, visits to emergency departments and outpatient clinics have also been included. 11 The recorded data include dates of admission and discharge, patient type (ie, outpatient or inpatient), primary discharge diagnosis, reflecting the main reason for hospitalization or outpatient visit, and up to 20 secondary discharge diagnoses. The diagnoses have been coded according to the International Classification of Diseases, 10th revision (ICD-10) since 1994. 
subjects coded with MgUs

Validation of the MgUs iCD-10 code
We reviewed the medical records of all 132 subjects with MGUS registered at the Department of Hematology, Aalborg University Hospital in North Jutland Region, and a sample of 174 patients registered at the hematological departments in Central Jutland Region at Aarhus University Hospital and the two regional hospitals (Viborg and Holstebro). In addition, we reviewed 21 available medical records on patients registered at other departments in North Jutland Region. In total, 327 of the 627 medical records were reviewed, which was done by three of the authors (HG, CBL, AH).
MGUS was defined according to the 2003 criteria for classification of monoclonal gammopathies from the International Myeloma Working Group. 12 According to these criteria, the MGUS diagnosis requires a concentration of the serum M-component of less than 30 g/L, percentage of monoclonal plasma cells in the bone marrow less than 10%, and no sign of organ or tissue impairment related to myeloma, eg, hypercalcemia or lytic bone lesions. Patients without skeletal survey were classified as MGUS provided that bone pain was not described in the medical files. A subgroup of patients was classified as probable MGUS for various reasons, eg, patients with renal failure or hypercalcemia who had plausible other causes for these abnormalities or lytic bone lesions caused by other cancers.
subjects with MgUs in north Jutland region detected via data from the Department of Clinical Biochemistry
Since 1978, the Department of Clinical Biochemistry at Aalborg University Hospital has maintained a registry of all patients in North Jutland Region with a serum M-component identified by electrophoresis. Patients with an M-component were classified as having MGUS if they were not registered in the DNPR with malignant monoclonal gammopathy prior to or within the year following detection of the M-component. In order to exclude cases of asymptomatic multiple myeloma, we excluded patients if their levels of IgA, IgG, and IgM were 30 g/L or higher. Identification and verification of this MGUS cohort has previously been described in detail. 7, 13 In the period January 2001-February 2011, we identified 791 patients with MGUS using this algorithm. These data were linked to the DNPR to estimate the number registered with MGUS.
Comorbidity
Comorbidity was classified according to the 19 diseases included in the Charlson Comorbidity Index (CCI). 14 We computed a CCI score for each MGUS patient based on all previous ICD codes in the DNPR since 1977. Weights were assigned to defined categories of comorbid diseases, and the CCI score was the sum of these weights. 
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Validation of MgUs iCD-10 code comorbidity were defined: 0 (low) for individuals with no recorded underlying diseases included in the CCI, 1 (moderate low), 2 (moderate high), and $3 (high).
statistical analysis
The PPV of the diagnosis of MGUS in the DNPR was calculated as a proportion, with the numerator containing the number of patients with a confirmed diagnosis of MGUS and the denominator containing the number of reviewed medical files. We estimated PPVs separately for the different subgroups of MGUS patients, eg, in different types of M-components. The completeness of MGUS registration in the DNPR was estimated as the percentage of patients with MGUS based on the data from the Department of Clinical Biochemistry, Aalborg University Hospital, who were registered with MGUS in the DNPR. We used the SAS statistical software package, version 9.2 (SAS Institute, Cary, NC, USA) for the statistical analyses. The study was approved by the Danish Data Protection Agency (2008-58-0028) and the Danish Health and Medicines Authority (3-3013-54/1/HKR).
Results
At registration of MGUS in the DNPR, the median age of the 327 patients was 71.0 years (range 34.6-91.7 years), and 166 (51%) were men. In 219 patients, the diagnosis was registered at the two university hospitals, in 87 patients at the two large regional hospitals, and in 21 patients at smaller hospitals in North Jutland Region. In 50 cases (15.3%), the serum M-component was IgA, compared to IgG in 185 cases (56.6%), IgM in 67 cases (20.5%), biclonal in seven cases (2.1%), exclusively light chain in four cases (1.2%), and in one case (0.3%) the type of M-component was not reported. In 13 patients (4%) a serum M-component was not detected, but two of these patients had M-component identified in the urine.
Validation of the MgUs diagnosis code
The diagnostic workup involved bone marrow examination in 300 (91.7%) and skeletal survey in 223 (68.2%) patients. In addition, 15 patients had other types of imaging performed, most often computed tomography scans, increasing the number of patients investigated with radiological techniques to 238 (72.8%). Measurement of Ig levels and standard biochemical and hematological parameters was performed consistently. However, in 14 patients, all from one of the regional hospitals, we were not able to retrieve these results. Electrophoresis on urine was performed in 195 (59.6%) of the patients. In the DNPR, 54 of the patients were registered with malignant monoclonal gammopathy, either prior to the MGUS diagnosis or within the first year after registration of MGUS. The review of medical records had classified 28 of these patients as MGUS and 26 as not fulfilling the MGUS criteria. When we excluded the 54 patients from the analysis, the PPV increased to 88.3% (95% CI 84.5%-92.1%).
Completeness of MgUs registration
During the study period, 791 individuals were identified as having MGUS based on data from the Department of Clinical Biochemistry, Aalborg University Hospital. The median age was 71.7 years, range 22.9-97.2 years, and 457 (57.8%) were men. After first-time detection of an M-component, 133 patients were subsequently registered with MGUS in the DNPR, corresponding to a completeness of 16.8% (95% CI 14.1%-19.6%). The median age in this cohort of registered patients was 68.9 years, range 35.9-86.8 years, and 70 (52.6%) were men. The median time from detection of an M-component to registration of MGUS in the DNPR was 46 days (range 0-8.3 years).
Discussion
We found that the PPV of the MGUS diagnosis in the DNPR was 82.3%, and that it could be improved to 88.3% by simple data restriction. Conversely, the completeness of MGUS diagnoses in this national hospital registry was very low. To our knowledge, this is the first study to address the data quality of the ICD-10 code for MGUS in a patient registry.
The PPV of the registration of MGUS in our study was in particular affected by misclassification of myeloma patients as MGUS. Approximately half of the misclassified cases had asymptomatic myeloma, which implies an increased risk of development of symptomatic multiple myeloma compared to MGUS. 15 The impact of this misclassification on the risk of other outcomes is unknown, but it is noteworthy that most of the misclassified patients with asymptomatic multiple myeloma had a percentage of plasma cells in the bone marrow just above the limit of 10% that distinguish the two conditions. This misclassification in the continuum of monoclonal gammopathies might therefore not seriously affect the evaluation of particular outcomes, eg, risk of infections. By contrast, the misclassification of patients with symptomatic myeloma as MGUS will bias the estimate of most outcomes, eg, the risk of fractures and infections.
The International Myeloma Workshop (IMW) criteria provide a strong and precise tool for classification of the monoclonal gammopathies, and had been used in Denmark for the entire study period with the exception of the first 2 years. 12 However, our study clearly demonstrates that correct diagnosis of monoclonal gammopathies might prove difficult. The diagnostic process of MGUS is complex, as the diagnosis is based on a combination of results of bone marrow examination, biochemical analysis, and radiological tests. Our study also demonstrated that the diagnostic workup was not complete in all patients, including some patients at hematological departments, which most likely will affect the validity of the diagnosis. Although bone marrow findings are a part of the diagnostic criteria for MGUS, there is no consensus regarding the requirement for bone marrow aspirate and biopsy for patients who have been diagnosed with a monoclonal gammopathy. 16, 17 Conversely, some authors have argued for consistent use of bone survey in patients with assumed MGUS, in order to identify possible lytic lesions and fractures that may indicate symptomatic treatment-demanding multiple myeloma. 18 In our study, radiological investigations were performed in approximately two-thirds of the patients coded with MGUS.
IgM MGUS is not covered by the IMW criteria, and the distinction between malignant lymphoma and IgM MGUS is based on examination of the bone marrow or other tissue samples and exclusion of other signs of malignant lymphoproliferative disease. In most cases, the differential diagnosis is between IgM MGUS and asymptomatic Waldenström's macroglobulinemia (lymphoplasmacytic lymphoma). 19 Our study did not permit an evaluation of the pathological investigation, but PPV of the IgM MGUS diagnosis code was in general high.
Only 17% of the patients identified with an M-component at the Department of Clinical Biochemistry and without a concomitant diagnosis of malignant monoclonal gammopathy in 
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Validation of MgUs iCD-10 code the DNPR had an MGUS diagnosis registered in the DNPR. This proportion is surprisingly low. Our study design did not allow evaluation of whether the serum M-component was detected by general practitioners without the patient being referred for diagnostic workup at a hospital, or alternatively that the M-component was detected at a hospital without subsequent registration of MGUS. However, our findings emphasize an important issue in the diagnostic process, namely that detection of a serum M-component in daily clinical practice does not necessarily lead to a diagnostic workup and to registration of MGUS. Due to the design of our study, we are not able to evaluate whether these unregistered MGUS patients in fact were perceived and managed as MGUS patients in clinical practice. The low completeness clearly demonstrates that hospital register-based diagnoses of MGUS are not suitable for estimating the prevalence of MGUS, and indicates that MGUS patients coded in these registries are likely to be highly selected. Serum protein electrophoresis is usually performed on selected groups of patients, often with symptomatology indicative of a malignant monoclonal gammopathy or other serious diseases. Furthermore, the referral of patients for medical workup will presumably be affected by the symptoms of the patients, which might lead to imbalance of prognostic factors in patients registered with MGUS compared to patients who remain unregistered.
Conclusion
In conclusion, we found a high PPV of the MGUS diagnosis in the DNPR, which supports previous published registerbased studies on MGUS and confirms that such administrative data constitute a strong tool for future epidemiological research in MGUS. However, the completeness in the DNPR is low, indicating that only a small fraction of patients with detected M-components get an MGUS diagnosis in the hospital setting. It emphasizes the risk of selection and underlines the need for MGUS studies based on MGUS patients identified from screening programs or cross-sectional populations.
